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The spin-frustrated conductor Mn3Pt exhibits a characteristic magnetic structure called partial
disorder in which some spin sites can form magnetic order through the generation of non-ordered
sites that locally relieve the frustration. Here we report the results of a single-crystal inelastic
neutron scattering study of this compound. The measured momentum Q correlations of diffusive
magnetic scattering reveal that the paramagnetic phase exhibits short-range spin fluctuations with
the same type of partial disorder. Its relation to conductivity is also discussed.
PACS numbers: 75.25.-j, 78.70.Nx, 75.50.Ee, 75.40.Gb, 75.30.Mb
I. INTRODUCTION
On a triangular lattice and a tetrahedral lattice, only
some classical-spin pairs can be arranged antiferromag-
netically.1,2 This leads to a situation called geometri-
cal frustration, which suppresses magnetic ordering and
leads to intriguing phenomena such as liquid-like short-
range spin fluctuations in spin ices and spin molecules3,4
and the formation of complex magnetic structures with
multiferroics in insulators.5,6 However, recently, molecu-
lar spin/spin-orbit excitations were also discovered even
in a magnetically ordered phase, which forms when frus-
tration is relieved, demonstrating that spin dynamics is
indispensable to frustration.7,8
Frustrated conductors can exhibit novel transport
properties. Examples of such properties include heavy
fermion behavior in the spinel LiV2O4 and in C15 Laves
phase compound Y(Sc)Mn2
9,10; superconductivity in the
pyrochlore oxide Cd2Re2O7
11; and metal-insulator (MI)
transitions in the pyrochlores Cd2Os2O7, Hg2Ru2O7, and
R2Ir2O7 (R = Nd, Sm, Eu, Gd, Tb, Dy, or Ho)
12–14. All
these systems consist of corner-sharing tetrahedral lat-
tices of magnetic atoms. Thus, one of the challenging
issues in current condensed matter physics is to deter-
mine the relation between the transport properties and
frustration.
The Cu3Au-type intermetallic compound Mn3Pt is
also a conductor with spin frustration. As shown in
Fig. 1(a), nonmagnetic Pt atoms and magnetic Mn atoms
occupy corner and face centers, respectively. Here, the
Mn atoms form a rare type of octahedral lattice, nei-
ther triangular nor tetrahedral, providing a basis for
the occurrence of frustration. With decreasing tempera-
ture from the high-temperature paramagnetic phase, this
compound transitions into an antiferromagnetic F-phase
at TN = 475 K with a tiny tetragonal contraction of
c/a = 0.9985, and then enters into an antiferromagnetic
D-phase at Tt ≃ 400 K with a large volume contrac-
tion of 2.25%.15–17 Interestingly, the F-phase exhibits
partial disorder in its magnetic structure, which is de-
scribed by a propagation vector qF = (1, 0, 1/2) in a
cubic notation, as shown in Fig. 1(b).15 The antiferro-
magnetically ordered square-lattice plane with 2.2µB and
the non-ordered plane are alternately stacked along the
〈100〉 direction, where µB is the Bohr magneton. Par-
tial disorder is a representative frustration effect:18 non-
ordered sites appear so as to relieve frustration, allowing
the other sites to form spin order. In addition, in both
the paramagnetic phase and F-phase, very diffuse and
quasielastic magnetic scattering was found roughly along
the first Brillouin zone boundary by single-crystal neu-
tron scattering, indicating the existence of characteristic
short-range spin fluctuations arising from frustration.17
Pt Mn
(a) (b)
J2
J1
ordered
  plane
non-ordered
      plane<100>
FIG. 1: (Color online) Structures of unit cell in Mn3Pt. (a)
Crystal structure. Mn atoms form an octahedron. (b) Mag-
netic structure in F-phase. The first- and second-neighbor
magnetic interactions J1 and J2 are also defined.
Although none of the aforementioned dramatic trans-
port properties have been reported in Mn3Pt, its elec-
trical conductivity exhibits rather interesting behavior:
conductivity drops at TN with decreasing temperature.
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Normally, a paramagnetic phase should exhibit lower
conductivity than a magnetically ordered phase owing
2to spin-flop scattering. Thus, frustration is possibly re-
sponsible for the anomalous conductivity in some form.
However, to resolve this question, information on the spa-
tial correlations of short-range spin fluctuations, a key
feature of magnetic frustration, will be necessary.
In this study, we performed single-crystal inelastic neu-
tron scattering experiments on Mn3Pt. Momentum Q
correlations of the short-range spin fluctuations were in-
vestigated with much higher statistics and over a much
wider Q space than in the previous study.17 On the ba-
sis of the results, we studied the spatial spin correlations
and developed a plausible explanation for the frustration
effect on conductivity.
II. EXPERIMENTS
Single-crystal inelastic neutron scattering experiments
were performed on the triple-axis spectrometer TOPAN
installed at the JRR-3 reactor, JAEA, Tokai, Japan. The
final energy of the neutrons was fixed at Ef = 14.7 meV
with a horizontal collimation sequence of blank-100′-100′-
blank. A sapphire filter and a pyrolytic graphite filter
efficiently eliminated fast neutrons and higher-order con-
tamination, respectively. As samples, single-crystal spec-
imens of Mn3Pt were grown by the Bridgeman method.
Each crystal was about 10 mm in diameter and 25 mm
tall. Two co-aligned single crystals were fixed by thin
aluminum plates and enclosed in an aluminum container,
which was placed under the cold head of a 4He closed-
cycle refrigerator with a high-temperature option.
III. RESULTS
Figures 2(a) to 2(f) show the measured Q correlations
of spin fluctuations in the paramagnetic phase and F-
phase. At 500 K (in the paramagnetic phase), as shown in
Fig. 2(a), diffuse scattering is observed not only along the
first Brillouin zone boundary, but at points distributed
along a cross-like pattern in the hk0 zone. The intensity
is relatively strong around 1 1/2 0, 1/2 1 0, 1 3/2 0,
and 3/2 1 0, which coincide with the magnetic Bragg
reflection points described by qF in the F-phase. This
means that the short-range correlations of the F-phase
magnetic structure dynamically survive. In the hhl zone,
as shown in Fig. 2(b), the spot-like diffuse scattering is
observed around 110 and 001, corresponding to parts of
the cross-like pattern. This indicates that the cross-like
pattern does not spread perpendicularly to the hk0 zone,
but consists of two rods described by h10 and 1k0. Such
rod-type scattering is known as a sign of two-dimensional
(2D) correlations such as in high-Tc cuprates.
At 483 K, just above TN, as shown in Figs. 2(c) and
2(d), the overall intensity decreases and concentrates to-
ward the qF points in the hk0 zone. At 455 K (in the
F-phase), as shown in Figs. 2(e) and 2(f), the cross-like
pattern in the hk0 zone and the 110 and 001 spots in
the hhl zone are quite weak. The concentrated qF spots
are more condensed, most likely due to a spin wave that
stems from the magnetic structure.
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FIG. 2: (Color online) Color images of single-crystal inelastic
neutron scattering data. These were acquired in the hk0 and
hhl zones in a constant-energy scan mode at 6 meV. (a)(b),
(c)(d), and (e)(f) were acquired in the paramagnetic phase, at
just above TN in the paramagnetic phase, and in the F-phase,
respectively.
The ring-like patterns are also observed around 120
and 210 in the hk0 zone, as shown in Figs. 2(a), 2(c),
and 2(e), and around 112 in the hhl zone, as shown in
Figs. 2(b), 2(d), and 2(f). However, no similar patterns
are observed around the equivalent points 100, 010, and
110, which are associated with lower |Q|. Therefore, the
rings are identified as being phononic, not magnetic, in
nature since the former and latter neutron scattering in-
tensities decrease and increase with decreasing |Q| be-
cause of a |Q|2 factor and a magnetic form factor, re-
spectively.20
In the energy spectra measured at 110, as shown in
Fig. 3(a), the quasielastic tails are extended to over 30
meV. Figure 3(b) shows the temperature dependence of
the energy-integrated intensity in Fig. 3(a). Here, we see
that as the temperature decreases, the intensity grows in
3the paramagnetic phase, suddenly drops at around TN,
and finally is sustained at almost the same level in the
F-phase.
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FIG. 3: (Color online) (a) Energy spectra measured at 110 at
several temperatures. (b) Temperature dependence of energy-
integrated intensity of data in (a). The curves are guides for
eye.
IV. DISCUSSION
A. Spatial spin correlations
The present experiments revealed that the spatial spin
correlations in the paramagnetic phase are roughly de-
scribed by 2D correlations based on the F-phase mag-
netic structure. Thus, we searched for a clearer model of
spatial correlations that reproduces the experimental in-
tensity patterns. First, from the experimental scattering
intensity at 500 K, we extracted the intensity components
that drastically increase above TN. That is, by subtract-
ing the data at 455 K (Figs. 2(e) and 2(f)) from the data
at 500 K (Figs. 2(a) and 2(b)), we obtained Figs. 4(a) and
4(b). In the 455 K data shown in Fig. 2(e), the peaky qF
spots were masked and instead interpolated from their
surrounding points. Next, we assumed a model based
on F-phase magnetic structure, as shown in Fig. 4(e).
This model consists of three antiferromagnetic planes,
where the main plane is sandwiched between the other
two vertical planes with a relatively small magnitude of
correlated spin components. The intra-layer correlations
spatially decay in a Gaussian form, and the spins dynam-
ically fluctuate in arbitrary directions in keeping with the
relative correlations. Then, by adjusting the relative spin
magnitude and the intra-layer correlation length, and by
using Watson–Freeman’s magnetic form factor of Mn,21
the best-fit intensity patterns were obtained, as shown in
Figs. 4(c) and 4(d). They are in a good agreement with
Figs. 4(a) and 4(b), respectively. The magnitude in the
two weakly coupled planes was estimated to be 0.1 times
that in the main plane, and the intra-layer correlation
length was estimated to be six times the first-neighbor
Mn–Mn distance in full width at half maximum.
Thus, the temperature dependence of the spatial spin
correlations is understood as follows: the inter-layer cor-
2.5
2.0
1.5
1.0
0.5
0.0
0k
0
2.52.01.51.00.50.0
h00
6004002000
Intensity  (arb. units)
2.5
2.0
1.5
1.0
0.5
0.0
00
l
1.51.00.50.0
hh0
5004003002001000
Intensity  (arb. units)
2.5
2.0
1.5
1.0
0.5
0.0
0k
0
2.52.01.51.00.50.0
h00
6004002000
Counts / 400 kmnt (36 sec)
500K-455K
E = 6 meV
2.5
2.0
1.5
1.0
0.5
0.0
00
l
1.51.00.50.0
hh0
5004003002001000
Counts / 400 kmnt (36 sec)
500K-455K
E = 6 meV
(a) (b)
(c) (d)
(e)
<100>
non-ordered plane
main plane
weakly coupled plane
weakly coupled plane
non-ordered plane
FIG. 4: (Color online) (a)(b) Experimental magnetic scatter-
ing intensity at 500 K obtained by subtraction of Fig. 2(e)
from Fig. 2(a) and Fig. 2(f) from Fig. 2(b), respectively.
(c)(d) Calculated scattering intensity patterns. (e) Corre-
sponding model of spatial spin correlations. The arrows indi-
cate spins that dynamically fluctuate in arbitrary directions.
relations grow with decreasing temperature, and the
same type of static long-range correlations (the F-phase
magnetic structure) finally emerges with the tiny tetrag-
onal contraction at TN. Further, suppose there are mag-
netic interactions only between the ordered sites, as de-
fined in Fig. 1(b), the magnetic interactions constituting
the spatial correlations can be evaluated. The dominant
intra-layer correlations indicate that the first-neighbor in-
teraction J1 is strong and antiferromagnetic, and the ad-
ditional inter-layer correlations indicate that the second-
neighbor interaction J2 is weak and antiferromagnetic as
well. This evaluation is consistent with another inelastic
neutron scattering study of spin waves in the F-phase,
which reported antiferromagnetic J1 = −5.9 meV and
J2 = −1.3 meV.
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In the F-phase, the dynamical 2D correlations still re-
main, as shown in Figs. 2(e) and 2(f). However, it should
be noted that only the non-ordered sites are excluded
from these correlations, unlike in the past interpreta-
tion.17 This is because the correlations need the square
4lattice plane consisting of first-neighbor Mn atoms, which
does not exist in the non-ordered plane, as shown in
Figs. 1(b) and 4(e).
B. Relation between partial disorder and
conductivity
The present experiments revealed that the 2D corre-
lated spin sites and the non-ordered spin sites are sepa-
rated even in the paramagnetic phase. This result can be
related with the conductivity as follows. Since the para-
magnetic phase is cubic, the 2D planes are expected to
dynamically change their normal directions among the
equivalent 〈100〉 series. With such changes, the non-
ordered sites will be also mobile. Meanwhile, the coexis-
tence of two types of sites implies the coexistence of dif-
ferent electronic states, which could be accompanied by
disproportionality in charge density. In fact, some the-
oretical studies on itinerant frustrated magnets showed
that partial disorder often occurs with charge dispropor-
tionation.23–26 For example, in the Hubbard Hamilto-
nian, it occurs near the boundary between the nonmag-
netic and magnetic phases, when the band width W and
onsite Coulomb energy U are close to each other.23,24
Further, in the Anderson Hamiltonian, it originates from
Kondo singlets (Kondo screening).24–26 Thus, one can ar-
rive at the following model: the mobile non-ordered sites
effectively work as charge carriers and enhance conduc-
tivity in the paramagnetic phase.
V. SUMMARY
We studied spin fluctuations in the frustrated conduc-
tor Mn3Pt by single-crystal inelastic neutron scattering.
The spatial correlations in the paramagnetic phase are
naturally understood as being the inter-layer melt of
the F-phase magnetic structure (partial disorder). To
the best of our knowledge, such spin fluctuations, and
not magnetic structure, were directly observed for the
first time. We also proposed a relation between frustra-
tion and conductivity: frustration generates non-ordered
sites, and they are dynamically mobile and enhance con-
ductivity in the paramagnetic phase. However, an open
question remains concerning what electron/hole band
structure cause the partial disorder and anomalous con-
ductivity.
Acknowledgments
We thank Messrs. K. Nemoto, M. Ohkawara, and T.
Asami for providing assistance at the JAEA, Mr. M. On-
odera and Dr. K. Iwasa for their support at Tohoku Uni-
versity, Dr. M. Fujita, Dr. T. Ikeda, and Prof. Y. Tsun-
oda for the fruitful discussions, and Prof. K. Yamada
for the encouragement. The neutron experiments at the
JAEA were performed under User Programs conducted
by ISSP. This study was financially supported by Grants-
in-Aid for Young Scientists (B) (22740209), Priority Ar-
eas (22014001), Scientific Researches (S) (21224008) and
(A) (22244039) from the MEXT of Japan; it was also
supported by the Inter-university Cooperative Research
Program of the Institute for Materials Research at To-
hoku University.
∗ Electronic address: tomiyasu@m.tohoku.ac.jp
1 G. H. Wannier, Phys. Rev. 79, 357 (1950).
2 P. W. Anderson, Phys. Rev. 102, 1008 (1956).
3 S. T. Bramwell and M. J. P. Gingras, Science 294, 1495
(2001).
4 S.-H. Lee, C. Broholm, W. Ratcliff, G. Gasparovic,
Q. Huang, T. H. Kim, and S.-W. Cheong, Nature 418,
856 (2002).
5 K. Tomiyasu, J. Fukunaga, and H. Suzuki, Phys. Rev. B
70, 214434 (2004).
6 Y. Yamasaki, S. Miyasaka, Y. Kaneko, J.-P. He, T. Arima,
and Y. Tokura, Phys. Rev. Lett. 96, 207204 (2006).
7 K. Tomiyasu, H. Suzuki, M. Toki, S. Itoh, M. Matsuura,
N. Aso, and K. Yamada, Phys. Rev. Lett. 101, 177401
(2008).
8 K. Tomiyasu, M. K. Crawford, D. T. Adroja, P. Manuel,
A. Tominaga, S. Hara, H. Sato, T. Watanabe, S. I. Ikeda,
J. W. Lynn, et al., Phys. Rev. B 84, 054405 (2011).
9 Y. Matsushita, H. Ueda, and Y. Ueda, Nature Mater. 4,
843 (2005).
10 M. Shiga, K. Fujisawa, and H. Wada, J. Phys. Soc. Jpn
A62, 1329 (1993).
11 M. Hanawa, Y. Muraoka, T. Tayama, T. Sakakibara, J. Ya-
maura, and Z. Hiroi, Phys. Rev. Lett. 87, 187001 (2001).
12 A. W. Sleight, J. L. Gilison, J. F. Weiher, and W. Bindloss,
Solid State Commun. 14, 357 (1974).
13 A. Yamamoto, P. S. Sharma, Y. Okamoto, A. Nakao,
H. Aruga-Katori, S. Niitaka, D. Hashizume, and H. Takagi,
J. Phys. Soc. Jpn. 76, 043703 (2007).
14 K. Matsuhira, M. Wakeshima, Y. Hinatsu, and S. Takagi,
J. Phys. Soc. Jpn. 80, 094701 (2011).
15 E. Kre´n, G. Ka´da´r, L. Pa´l, J. So´lyom, P. Szabo´, and
T. Tarno´czi, Phys. Rev. 171, 574 (1968).
16 H. Yasui, M. Ohashi, S. Abe, H. Yoshida, T. Kaneko,
Y. Yamaguchi, and T. Suzuki, J. Magn. Magn. Mater. 104-
107, 927 (1992).
17 T. Ikeda and T. Tsunoda, J. Phys. Soc. Jpn 72, 2614
(2003).
18 M. Mekata, J. Phys. Soc. Jpn 42, 76 (1977).
19 H. Yasui, T. Kaneko, H. Yoshida, S. Abe, K. Kamigaki,
5and N. Mori, J. Phys. Soc. Jpn 56, 4532 (1987).
20 W. Marshall and S. W. Lovesey, Theory of Thermal Neu-
tron Scattering (Oxford University Press, 1971).
21 R. E. Watson and A. J. Freeman, Acta. Cryst. 14, 27
(1961).
22 Y. Yamaguchi, H. Yasui, S. Funahashi, M. Yamada,
M. Ohashi, and T. Kaneko, Physica B 180, 235 (1992).
23 C. Pinettes and C. Lacroix, Solid St. Commun. 85, 565
(1993).
24 C. Lacroix, B. Canals, M. D. Nunez-Regueiro, B. Coqblin,
and J. Arispe, Physica B 230-232, 529 (1997).
25 Y. Motome, K. Nakamikawa, Y. Yamaji, and M. Udagawa,
Phys. Rev. Lett. 105, 036403 (2010).
26 S. Hayami, M. Udagawa, and Y. Motome, J. Phys. Soc.
Jpn 80, 073704 (2011).
